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Exercises

CONCEPT PREVIEW Match the equation in Column I with its solution(s) in Column II.

I Il
1. x2=25 2. x2=-25 A, £5i B. +2V5
3.x245=0 4.x*-5=0 C. +iVs5 D. 5
5. x2=—20 6. x2 =20 E. V5 F. -5
7.x=5=0 8. x+5=0 G. *5 H. t2iV5

CONCEPT PREVIEW Use Choices A-D to answer each question.
A 3x2=1Tx—6=0 B. 2x+35)2=17
C.2+x=12 D. (3x—1)(x—7)=0
9. Which equation is set up for direct use of the zero-factor property? Solve it.
10. Which equation is set up for direct use of the square root property? Solve it.

11. Only one of the equations does not require Step 1 of the method for completing the
square described in this section. Which one is it? Solve it.

12. Only one of the equations is set up so that the values of a, b, and ¢ can be determined
immediately. Which one is it? Solve it.

Solve each equation using the zero-factor property. See Example 1.

13 x2—5x+6=0 14, x2+2x—8=0 15, 522 —-3x—2=0
16. 2x2—x—15=0 17. —4x2 4+ x=-3 18. —6x2 +Tx=—10
19. x2—100=0 20. x2—64=0 21, 4x2—4x+1=0

22. 9x2 - 12x+4=0 23, 25x24+30x+9=0 24.36x2 4+ 60x +25=10

Solve each equation using the square root property. See Example 2.

25. x2=16 26. x2 =121 27.27—-x2=0

28. 48 —x2=0 29, x*= -8l 30. x2= —400

3. Bx—1)2=12 32, (4x+1)2=20 3. (x+52=-3
34, (x—4)2= -5 35. (5x—3)2=-3 36. (-2x+5)2=-8

Solve each equation using completing the square. See Examples 3 and 4.

37. x> —4x+3=0 3. 22—Tx+12=0 39. 242 —x—28=0

40. 4x2—3x—10=0 41. 2 —2x—2=0 42, x2—10x+18=0
43. 2x2+x=10 44, 3:22+2x=5 45, 2x2+4x+3=0
46. —3x2+6x+5=0 47, —4x2+8x=7 48, —3x2+9x=7

Concept Check Answer each question.
49. Francisco claimed that the equation
x*—8x=0

cannot be solved by the quadratic formula since there is no value for c. Is he correct?
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50. Francesca, Francisco’s twin sister, claimed that the equation
x2=19=0

cannot be solved by the quadratic formula since there is no value for b. Is she correct?

Solve each equation using the quadratic formula, See Examples 5 and 6.

5. x2—x—1=0 582. x2—3x—2=0 583. x2—6x= -7
54, x2—4x=-1 55. x2=2x—-35 56. x2=2x—10
1 1
87. —4x2=—12x + 11 58. —6x2=13x+2 59. Ex2+zx—3:0
8 e d
60. ;x- + Zx =3 6l. 0.2x2+04x—03=0
62. 0.1x2 — 0.1x = 0.3 63. (4x— 1)(x+2) =4x
64. 3x+2)(x—1)=13x 65. (x—9)(x—1)=-16

66. Concept Check Why do the following two equations have the same solution set?
(Do not solve.)

—2x2+3x—6=0 and 2x1—3x+6=0

Solve each cubic equation using factoring and the quadratic formula. See Example 7.

67. x*—8=0 68. x3—-27=0

69. x3+27=0 70. x}*+64=0

Solve each equation for the specified variable. (Assume no denominators are 0.)

See Example 8.

. s= %grz, for ¢ 72. A =7mr?, forr

73. F= k“f"z, for v 74. E = 'i—f for e

75. r=nr+ %arz, for ¢ 76. s=sy+ gt +k, fors
71. h=—16:2+ vyt + 55, fort 78. S =2mrh + 2w, forr

For each equation, (a) solve for x in terms of y, and (b) solve for y in terms of x. See

Example 8.
79. 4x2 —2xy +3y? =2 80. 3y +4xy — 9xt=—1
81. 2x2 +dxy —3y2=2 82. 5x2—6xy+ 22 =1

Evaluate the discriminant for each equation. Then use it to determine the number of
distinct solutions, and tell whether they are rational, irrational, or nonreal complex num-
bers. (Do not solve the equation.) See Example 9.

83. x*-8x+16=0 84, x> +4x+4=0 85 32 +5x+2=0
86. 8x* = —14x -3 87. 4x* = —6x+3 88. 2x2+4x+1=0
89. 9x2+ 11x+4=0 90. 3x2=4x-5 91. 8x2—-72=0
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Using the Zero-Factor Property
6x2+7x=3 -{Dnn‘t factor outxhere,)

114
Solve 6x2+ 7x = 3.
SOLUTION
6x2+7x—3=0
(Bx—1)2x+3)=0
3x—1=0 or 2x+3=0
3x=1 or 2x=-—3
or
CHECK 62+7 =3
2 2
6( )+J( )43 6( )+ﬁ( L3
6 7 , 54 21 ,
—+— — — e
9 3 ? 4 2 3
3=3 /
L _3
3+ 2f-
¥’ Now Try Exercise 15.

3=3/
Both values check because true statements result. The solution set is {

When a quadratic equation can be written

The Square Root Property

in the form x? = k, where k is a constant, the equation can be solved as follows.
xt=k

x2—k=0

(5= V&) (x+ V&) =0

x—Vk =0 x4+ VE=0

x=\/f€ or xz—\/Fz

This proves the square root property.

or

Square Root Property
Ifx2=k%, then x=\/l: or x = —‘\/I:

That is, the solution set of x* = k is
{\/E, —'\/I;}, which may be abbreviated { :l:‘\/f:}

Both solutions \/J; and — \/I; of x? = k are real if X > 0. Both are pure imagi-
nary if k£ < 0. If k < 0, then we write the solution set as
{xiVIaT}.

If k = 0, then there is only one distinct solution, 0, sometimes called a double

solution.
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Using the Square Root Property

Solve each quadratic equation.

(@ x*=17 (b) x2=-25 (© (x—4)2=12
SOLUTION
(a) x2=17 (b) x2=-25
x== \/ﬁ x=*+ —-25
The solution set is { +v17 } x= *5i

The solution set is { = 5i}.
(©) (x—4)2=12

x—4=1+VI12

x=42
k=
CHECK (r—4)2=12
—4f212 ( -4f212
V3f &1z (—2v3) L1
V3f 212 (-2)2- (V3] i1
1

2=12 v/ 12=12 /

The solution set is {4 m 2\/3:} ¥ Now Try Exercises 27, 29, and 31.

Completing the Square Any quadratic equation can be solved by the
method of completing the square, summarized in the box below. While this
method may seem tedious, it has several useful applications, including analyzing

the graph of a parabola and developing a general formula for solving quadratic
equations.

Solving a Quadratic Equation Using Completing the Square

To solve ax? + bx + ¢ = 0, where a # 0, using completing the square, fol-
low these steps.

Step 1 If a # 1, divide each side of the equation by a.

Step 2 Rewrite the equation so that the constant term is alone on one side of
the equality symbol.

Step 3 Square half the coefficient of x, and add this square to each side of
the equation,

Step 4 Factor the resulting trinomial as a perfect square and combine like
terms on the other side.

Step 5 Use the square root property to complete the solution.
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Solvex2—d4x— 14 =0.
SOLUTION x2—4x—14=0

Step 1 This step is not necessary because a = 1.

Step 2 x2—4x=14
Step 3 =z =14 -4
Step 4 (x—2)*=18
Step 5 x—2=%V18
x=2:%
x=2=
The solution set is {2 * 3\/5 } W Now Try Exercise 41.

Using Completing the Square (a # 1)
Solve 9x2 — 12x + 9 =0.

SOLUTION 92— 12x+9=0

4
Step 1 x2—§x+I=0
4
Step 2 K== §x= =1
4
Step 3 e s 4
2\2 o]
tep 4 -2} ===
Step (x 3) 9
2
Step 5 x—§=i
2
._.—:i
73
f2 Vs
37 3

V3,
3

-
-

The solution set is { % T W Now Try Exercise 47.

The Quadratic Formula If we start with the equation ax? + bx + ¢ = 0,
for @ > 0, and complete the square to solve for x in terms of the constants a, b,
and c, the result is a general formula for solving any quadratic equation.

axl+bx+¢=0
b e

Ak ik ==10
a a

i b £
Xot—x= =
a a
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b
x2+ —x
a

2a 442
” b b* — dac
=k
2a 442
S b T Vb2 —dac
i+ —=—"--——"—
2a 2a
—b " V b? — 4ac
x=—=x ——
2a 2a
_—b £ Vb —dac
» X 2a
Quadratic Formula

The solutions of the quadratic equation ax? + bx + ¢ = 0, where a # 0, are
given by the quadratic formula.

2a

_Using the Quadratic Formula (Real Solutions)

Solve x2 —dx = -2,

SOLUTION 2—4x+2=0

_ —b+ Vb —dac

x—

2a
—(—4) * V(-47 - 4(1)(2) b=t
x= e
The fraction bar 3 2(1)
extends under —b.
4 x
x —
2
4+
i
2(2+V2)
X = Tom Factor out 2 in the numerator.

5
(Factor first, then di\ride.y -

xZZi\/E

The solution set is {2 + \/5 } ¥ Now Try Exercise 53.
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CAUTION Remember to extend the fraction bar in the guadratic for-
mula under the — b term in the numerator.

Throughout this text, unless otherwise specified, we use the set of complex
numbers as the domain when solving equations of degree 2 or greater.

Using the Quadratic Formula (Nonreal Complex Solutions)

Solve 2x2=x — 4.

SOLUTION 2x2—x+4=0
_=(=1) £ V(=1)* - 4(2)(4)
* 2(2)
Use parentheses and
1= substitute carefully to
X avoid errors.
4
1=
=
1=*
=g
The solution set is {i + @i } B Now Try Exercise 57.

The equation x? + 8 = 0 is a cubic equation because the greatest degree of
the terms is 3. While a quadratic equation (degree 2) can have as many as two
solutions, a cubic equation (degree 3) can have as many as three solutions. The
maximum possible number of solutions corresponds to the degree of the equation.

_Solving a Cubic Equation

Solve x3 + 8 = 0 using factoring and the quadratic formula.
SOLUTION x3+8=0
xF 2P —25+4)=0

x+2=0 or x*—2x+4=0

L —(=2) + V(-2 - 4(1)(8)

= =2 or 2(1)
x_Zi
2
x_Zi
2
(1+iV3)
x=

x=!ii\/§

The solution set is {—2, 1+ :\/5} ; ¥ Now Try Exercise 67.



